Introduction: Hyperglycemia is one of the most frequent metabolic complications in hospitalized patients. Increased risk of infection following hyperglycemia has been reported in hospitalized patients and infections may also cause insulin resistance which complicates the control of blood glucose level. In this study the impact of the clinical pharmacist interventions on the glycemic control in patients admitted to infectious diseases ward has been evaluated. Methodology: We conducted a prospective, pre-post interventional study among patients with hyperglycemia. The clinical pharmacist-led multidisciplinary team managed the glycemic profile of patients according to an established insulin protocol commonly used in internal wards. Clinical pharmacists reviewed patients' medical charts for proper insulin administration, evaluated nurses' technique for insulin injection and blood glucose measurement, and educated patients about symptoms of hypoglycemia and the importance of adherence to different aspects of their glycemic management. Results: The percentage of controlled random blood sugar increased from 13.8% in the pre-intervention to 22.3% in the post-intervention group (p value < 0.01). On the other hand, the percentage of controlled fasting blood sugars in the post-intervention group was nonsignificantly higher than in the pre-intervention group. Conclusion: Pharmacists and additional health care providers from other departments such as nursing and dietary departments need to be devoted to glycemic control service. Collaborative practice agreement between physicians is necessary to promote this service and help to increase the use of such services in different settings for diabetes control.
Introduction
Diabetes mellitus is one of the most important public health concerns worldwide [1, 2] . It has been estimated that patients with diabetes will be hospitalized two to five times more than those without diabetes [3] . The reported prevalence of hyperglycemia in hospitalized patients is different based on definition of hyperglycemia and study populations [4] . It ranges from 32% in community hospitals to 80% during the perioperative period in cardiac surgery subjects [5] [6] [7] [8] .
Hyperglycemia in hospitalized patients with different conditions such as critically ill patients, general medical-surgical care, cardiac surgery, acute myocardial infarction and infection is associated with adverse outcomes [9] [10] [11] . These negative consequences include longer hospital length of stay, increased hospital costs, higher rate of intensive care unit (ICU) admission, and higher hospital mortality rates [3] . Hyperglycemia management while avoiding hypoglycemia may mitigate most of these complications and has been associated with favorable outcomes [3] .
The relationship between hyperglycemia and infection appears to be bidirectional and interdependent [2] . The presence of hyperglycemia has been demonstrated to be associated with an increased risk of infection in critically as well as non-critically ill patients [2, 4] . This might be the result of suppressing immune functions by hyperglycemia secondary to impaired phagocytosis, diminished production of oxygen radicals from neutrophils, and chemotaxis [12] . On the other hand, infection as a prominent stress condition has been known to be associated with hyperglycemia through increased level of counter-regulatory hormones (e.g. cortisol, epinephrine, glucagon), activation of the inflammatory cascade, and oxidative stress [2, 4] . In this regards, infectious diseases especially pneumonia and urinary tract infections account for 20% to 55% of all precipitating causes of hyperglycemic crises [13] .
The active involvement of pharmacists, especially clinical pharmacists, in the glycemic control of hospitalized patients has reduced the length of hospital stay, the rate of hyperglycemia, as well as hypoglycemic events [3] . In a pre-post, observational study in hospitalized surgical patients with perioperative dysglycemia, the implementation of a glycemic control protocol by a team of trained pharmacists has been associated with a statistically significant improvement in measures of glycemic control as well as with a decrease in the rate of hypoglycemic events in postoperative days [14] . Similarly, in a 3-year prospective survey at a 564-bed medical center in the United States, Warrington et al demonstrated that the development of a pharmacistled, multidisciplinary diabetes management team contributes in achieving glycemic control (serum blood glucose concentrations less than 200 mg/dl) and decrease in the incidence of sternal surgical-site infections in patients undergoing the coronary artery bypass graft (CABG) procedure [15] . According to the American Diabetes Association (ADA) statement, a collaborative team including physicians, nurses, dietitians, pharmacists, and mental health professionals, is necessary to improve medical care of patients with diabetes [2] .
Glycemic control carried out by pharmacists in hospitalized patients has been the subject of several studies published so far. However, to the best of our knowledge, clinical pharmacist activities in controlling dysglycemia have not been specifically assessed in non-critically ill patients with different infectious diseases. The main purpose of the current study was to evaluate the probable impacts of clinical pharmacists interventions on the profile of serum blood glucose in patients admitted to a referral center for infectious diseases.
Methodology
A prospective (pre-post) interventional study was conducted during two periods: the first between January 1, 2010 and July 31, 2011 (pre-intervention period) and the second between August 1, 2011 and November 31, 2012 (post-intervention period). The study setting was a 60-bed infectious diseases ward of Among patients admitted to the ward with diabetes mellitus or stress-induced hyperglycemia, those who needed blood glucose monitoring and management were included in our study. In the pre-intervention group, only patients with registered glycemic control monitoring form in their medical files were considered eligible for inclusion. The competent patients only received regular and NPH insulin rather than oral antidiabetic agents for glycemic control during the stay in the infectious diseases ward. The diabetes control team consisted of clinical pharmacists (one attending and at least two residents rotated on a bi-monthly basis) working in collaboration with physicians (attendings and residents of infectious diseases), nurses, and dietitians. Physicians and clinical pharmacists simultaneously visited every patient at least once daily. Rounding clinical pharmacists in collaboration with physicians, optimally managed glycemic control by adjusting insulin dose in response to related clinical signs/symptoms and results of blood glucose measurement. In order to monitor insulin therapy, capillary blood glucose was measured daily at 4 time points within a day including fasting, (2-hours) after breakfast (post-prandial, PP), evening (PM), and bedtime (HS). If patients were non per oral, blood glucose was monitored every 4 or 6 hours depending on clinical conditions of patients. Results of blood glucose measurements were recorded in specific monitoring charts. Glycemic control was in accordance to an established insulin protocol commonly used in internal wards [16] . In addition, clinical pharmacists reviewed patients' medical records for prescribed insulin (type, dose, and time of administration), compared it with the insulin administered by nurses, and corrected any possible discrepancy between them. Besides, clinical pharmacists evaluated nurses' technique for insulin administration (appropriate type, dose, and time of administration) and blood glucose measurement by glucometer. Finally, clinical pharmacists educated patients about major symptoms of hypoglycemia and the importance of adherence to different aspects of their glycemic treatment especially for adherence to related medications and meal plans for better glycemic control. Interventions of clinical pharmacists for glycemic control during this study are summarized in Table 1 . Interventions including insulin, hypoglycemic and nutritional management were written in the chart of patients by clinical pharmacists. It should be mentioned that these interventions were also provided for pre-intervention group by health care providers except clinical pharmacists, but not in accordance with a specified and standard protocol. The principles of glycemic control during this study did not change in the literature [2] .
According to a definition commonly used in medical wards, fasting and random blood glucose level should be less than 140 and 180 mg/dl, respectively [2, 16] . Hypoglycemia defines as fasting or random blood glucose level less than 70 mg/dl [2] . Required data including demographic characteristics (age, sex, underlying diseases), final diagnosis, length of stay at infectious diseases ward, glycemic profile (fasting, PP, PM, and HS blood glucose), and paraclinical findings 
Statistical analysis
Continuous variables were expressed as mean ± SD and categorical data as percentage. The distribution of continuous variables was assessed by Kolmogrov-Smirnov test. The chi-square test was used to analyze categorical data between pre-and postintervention groups. The association between glycemic control and continuous variables was assessed by independent sample t test for parametric and MannWhitney U test for non-parametric variables. The comparison of demographic, clinical, and paraclinical characteristics of patients with and without controlled fasting or random blood sugar was performed by multivariate logistic regression analysis to calculate odds ratios (ORs) and their 95% confidence intervals (CIs). P-values less than 0.05 were considered as statistically significant. Statistical analyses were done with SPSS version 11.5 software (SPSS Inc., Chicago, IL, USA).
Results
According to the inclusion criteria in the preintervention period, a total of 66 patients (between January 1, 2010 andJuly 31, 2011) were recruited. In the post intervention period (between August1, 2011and November 31, 2012), 139 patients were evaluated. Ninety seven percent versus 62.5% of patients in pre-and post-intervention groups had preadmission diagnosis of type 2 diabetes, respectively; the remaining patients in each group were diagnosed as affected by stress-induced hyperglycemia who needed insulin treatment for glycemic control. Demographic characteristics, final diagnosis, length of stay at infectious diseases ward, in-hospital clinical outcome, and laboratory findings of the study population is summarized in Table 2 . Subjects (in the pre-and post-intervention groups) did not differ significantly for age, final diagnosis, inhospital clinical outcome, ESR, serum SGOT and SGPT. In addition, the number of patients who received medications that could induce hyperglycemia such as corticosteroids, thiazide diuretics, nicotinic acid, beta blockers, HIV protease inhibitors, pentamidine, atypical antipsychotics, and oral contraceptives did not differ significantly between the two groups (p value > 0.05, data not shown).
The comparison of the mean fasting and random blood sugar values of patients in two groups is shown in Table 3 . The mean random sugar values reported at 10 AM and 10 PM were significantly lower in the post-intervention than in the pre-intervention group (p value < 0.01 for both time points).
The percentage of controlled random blood glucoses at 10 AM and 10 PM in the post-intervention group (43.7% and 46.6%, respectively) were significantly higher than the values in the preintervention group (28.3% and 25.4%, respectively; p value = 0.04 at10 AM and blood glucose p value < 0.01 at10 PM). However, there were no statistically significant difference between the percentages of controlled fasting blood sugar (13.8% vs. 22.3%) and random blood sugar at 4 PM (20% vs. 20.2%) in preand post-intervention groups, respectively (p value = 0.12 and 0.57 for fasting blood sugar and random blood sugar measured at 4 PM, respectively). The overall percentage of controlled random blood sugar at all time points increased from 24.5% to 36.4% in preand post-intervention groups, respectively (p value < 0.01). The incidence of hypoglycemic episodes did not differ significantly between pre-and post-intervention groups (2.48% versus 2.64%, respectively; p value = 1). Regarding the outcome, most of the patients in both pre-and post-intervention groups (90.8% and 94.2%, respectively; p value = 0.39) were discharged from the hospital. 
Table1.Different interventions of clinical pharmacists for glycemic control

Discussion
Thanks to the evolution of clinical pharmacy in Iran and the increased cooperation of clinical pharmacists in multidisciplinary team, they have played a beneficial role in implementing new services to address various problems in different clinical settings such as infectious diseases wards [17] [18] [19] . Controlling blood glucose is difficult in hospitalized patients especially among those with infectious diseases [20] . However, with this study, clinical pharmacists for the first time adopted a multidisciplinary approach to optimize inpatient glucose control specifically in an infectious diseases ward.
Several studies supported the favorable effect of pharmacist-led, multidisciplinary team in managing diabetes in different settings [3, 14, 15] . Mularski et al. in a pre-post observational study published in 2012 evaluated the role of a pharmacist-led glycemic control team in managing hyperglycemia in surgical patients with perioperative dysglycemia (diabetes or stress hyperglycemia). They found that 77.4% of postoperative patient-days of patients demonstrated good glycemic control in the pre-intervention group. This increased to 90.3% in the post-intervention period. In addition, during the pharmacist intervention, the rate of hypoglycemia decreased from 8.6% to 4.6%. They concluded that safer as well as higher quality standard in glycemic care were achieved involving a pharmacist team in the management of hyperglycemia in hospitalized, postoperative patients [14] . The ADA also suggested that the collaborative and integrated team approach to medical care of patients with diabetes is essential to provide adequate diabetes management and development of various aspects for glycemic control [2] . In a similar manner, according to the result of our study, a clinical pharmacist-led multidisciplinary approach to diabetes management has been shown to improve glycemic control. This might partially account for significantly shorter duration of hospitalization in the postintervention group. We reported 8.5% increase (from 13.8% to 22.3%) in the rate of controlled fasting blood sugar and 11.9% increase (from 24.5% to 36.4%) in the rate of controlled random blood sugar after the clinical pharmacist interventions. On the other hand, although we could not decrease the incidence of hypoglycemia, the rate of hypoglycemic episodes was comparable between pre-and post-intervention groups (2.64% versus 2.48 %, respectively).
We did not detect any demographic, clinical, and paraclinical characteristics of patients as risk factors for uncontrolled blood glucose. In contrast to our findings, Jeon et al. demonstrated that persistently high glucose level could be an indication of underlying undiagnosed infection. They also reported that glucose levels ≥ 110 mg/dl during two days of infection were associated with blood stream infections (OR from 2.04 to 2.67), and glucose levels ≥ 180 mg/dl were associated with pneumonia (OR = 2.30) [11] .Since all patients in our study were diagnosed with infectious diseases, performing such analysis was not feasible. However, we detected no statistically significant association between different diagnosis of infectious diseases and glycemic control (p value = 0.18 for fasting and p value = 0.4 for random blood sugar). Khattaba et al. also evaluated factors associated with poor glycemic control among outpatients with type 2 diabetes in Jordan [21] . Although many factors such as the increased duration of diabetes, non-compliance with the nutrition plan recommended by dietitians, negative thoughts towards diabetes, and increased barriers to adherence scale scores were significantly related to poor glycemic control in their survey, but these appear to have no concern for our hospitalized cohort [22] .
All (100%) of our interventions in glycemic control were accepted by the health-care team in the current survey. We reported an acceptance rate of 80% and 100% in previous studies [17] . In addition, from the same clinical settings we recently reported that the highest satisfaction rates of nursing staff on clinical pharmacist services were related to education on the proper preparation method, storage, and administration of drugs and regular presence in the ward [23] . These findings suggest a good professional relationship between clinical pharmacists and other health care provider teams and a favorable perception and acceptance of their activities.
Some limitations exist in this study and cautions must be taken when interpreting the results. The type of underlying diseases, gender, some laboratory results (WBC, CRP, SrCr, ALP, and serum urea) and the reason for insulin administration (type 2 diabetes versus stress-induced hyperglycemia) were significantly different between pre-and postintervention groups and they can be considered as confounding factors. Regarding the last item, more patients in the pre-intervention than in the postintervention group had preadmission diagnosis of type 2 diabetes (97% versus 62.5%, respectively). Insulin non-responsiveness and resistance may be more common in patients with type 2 diabetes than stress induced hyperglycemia. Therefore, the reason for insulin administration may partially affect the rate of glycemic control in our study population. It is also possible that there were unmeasured confounders associated with glycemic control such as stresscausing procedures (surgery) not considered in this study. Additionally, our study was limited because we did not access to data about the exact doses of insulin injected for each patient in the pre-intervention group. Therefore, comparing the total daily insulin dose administered between two groups was not possible. Because of short mean duration of hospitalization among the study population (twenty versus fourteen days in the pre-and post-intervention groups, respectively), we did not measure HbA1c as a favorable criteria of glycemic control that reflects the average blood glucose levels over the previous three months [24] . Moreover, assessing the accuracy of the technique and the time of glucose monitoring as a potential confounding factors for uncontrolled glucose was not feasible since these data were not recorded in the medical chart of patients in the pre-intervention group. Lastly, because the primary endpoint of the study was the impact of clinical pharmacist interventions on the glycemic control of patients, plausible effects of these interventions on cost and long-term survival of our cohort were not considered. However, our recently published study indicated that clinical pharmacist interventions non-significantly decreased the total direct medication cost of patients in the same clinical setting [23] . Additional larger, multicentered, well-designed studies are needed to evaluate the real clinical outcome and cost-effectiveness of glycemic control by clinical pharmacists' activities in patients with various infectious diseases.
Conclusion
The result of the current study suggested that active participation of clinical pharmacists in healthcare team may be effective and safe for glycemic control in patients with various infectious diseases. So, clinical pharmacists and additional health care providers from other departments (e.g., nursing and dietary) need to be devoted to this service to manage diabetes in hospitalized patients effectively and safely. A collaborative practice agreement between physicians is necessary to promote this service and help to increase the use of such services for diabetes control in different clinical settings.
